Abstract : Parametric bodies reproduce the actual shape of human body parts and should be convenient for general users to change size to judge the visual fit of clothes on-line. In this study, three parametric bodies(i.e. I, C, D ) were compared to verify the accuracy of the provided body dimensions and reproducibility to a target model. To compare reproducibility, the 20s female standard virtual model developed for an apparel industry by Korean agency for technology and standards is used. The investigation of existing parameters showed that the numbers and kinds of parameters provided by each program were different with some errors in notation; in addition, some of virtual body dimensions went beyond the maximum allowable error. The result of changing each parametric body to the 20s female standard body showed that D, C, I in order produced better reproducibility for body dimensions. There were different levels of protrusion and concavity in the virtual cross sections and virtual longitudinal sections despite the small differences in body dimensions and cross sectional areas; in addition, some parametric body was not bilateral symmetry. The results of this study can be used as basic information in the standardization of a virtual model used in a virtual garment program.
Introduction
Recently, a technological development in 3D scanner and 3D apparel CAD system has made rapid progress. Moreover, 3D body data accumulated through anthropometric projects made on-line virtual fitting possible. Research and development in virtual garment system connected with CAD system are being worked actively. For example, there are Optitex 'Runway', Browzwear 'Vstitcher', Lectra 'Modaris 3D Fit', Technoa 'i-Designer', 'i-Omni iVirds', CLO Virtual Fashion 'Marvelous', Physan 'DC Suite' (Cha & Kang, 2013; Park & Kim, 2008 ).
Virtual garment system should be made in consideration of consumer convenience and clothing manufacturing efficiency because it is a tool for evaluating fit and design of clothes on-line and contributes to the large decrease in the return rate of clothes bought through the online market. Therefore, for wide use in virtual reality, virtual models which are similar to customer's body shape should be built and reflect diverse body shape characteristics with minimum shape and size information.
Previous work about parametric body can be categorized into fit evaluation (Ko et al., 2009; Lee & Sohn, 2012; Lim & Istook, 2011; Nam & Lee, 2008) and generation algorithm (Choi, 2013; Park et al., 2009; Shin et al., 2011) . Recent work about parametric generation that suits body shape complied with virtual landmarks provided by each program are ambiguous. And in most fit evaluation, researchers selected a specific program and used scanned body directly; thus general purpose of parametric body's information is inadequate. Consequently, understanding the characteristic of each program is needed because different algorithm makes different fit evaluation result for the same body shape.
And virtual human body in the 3D measurement cannot be touched by hands so that it is hard to find virtual landmarks composed by mesh comparing with direct measurements. Therefore, universal criteria should be defined and at this point of time to standardization of virtual body dimensions and virtual landmarks for virtual human body, this study has important meaning for domestic virtual garment program's leap. This study were conducted by two parts: (1) to investigate three parametric bodies' size changing tools to evaluate virtual body dimensions and virtual landmarks' accuracy, and (2) to compare three parametric bodies' with 20s female standard virtual model to appraise the reproducibility. This will be the basic information in the parametric development for improving fit of clothes on-line.
Methods
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Virtual body dimensions
In this study, virtual body dimensions of a parametric body were modified for suitable virtual space with reference to 3D body automatic measurements (KATS, 2010) and for virtual body-related vocabulary, "Virtual-" prefix was used to distinguish from human body in the direct measurement (Table 1 ) except part 3.1(the current condition). In this study, especially, in height items, the virtual landing heel point was used instead of the ground. And virtual midthigh girth was added although it is not existed in 3D body automatic measurements (KATS, 2010) , but usually used in virtual garment program for missing crotch area. Additionally, virtual armpit girth was eliminated for missing armpit area.
Methods of analysis
In this study, in order to verify of the accuracy of virtual body dimensions' accuracy, the right side of parametric bodies' virtual body dimensions was measured and comparing the virtual body dimensions of several parametric body regions was performed. As criteria for difference verification, maximum allowable error in 3D anthropometry (Table 2 ) was used.
And for a visual comparison of the shapes of the parametric body, virtual cross sections in virtual chest, virtual bust, virtual underbust, virtual waist, virtual belly, virtual abdomen, virtual hip, virtual thigh, virtual mid-thigh and virtual longitudinal sections in virtual bust, virtual waist and virtual hip were extracted. In addition, differences of virtual flattening ratio and virtual cross sectional areas were analyzed.
Virtual landmarks of virtual cross sections and virtual longitudinal sections were differently applied (Fig. 2) . For extracting each virtual cross section, virtual front neck-base point as vertical criteria and rearranged by a half of depth of maximum each virtual cross section as horizontal criteria (Kim et al., 2001) . Meanwhile, virtual thigh and virtual mid-thigh, a half of width is used as vertical criteria when a virtual body is standing upright. And for the each virtual longitudinal section was divided and arranged by virtual side waist point as vertical criteria and virtual bust point, virtual front waist point, virtual hip point as each horizontal criterion.
And all the virtual body dimensions were measured by using In case of I, there are a few parameters, for example, length items consist of stature and crotch height only, so that the reproducibility in length is anticipated to be inferior to any other programs. And in English inscription, 'leg length' is used instead of 'crotch height'. Moreover, only the name of body is used without indicating 'girth' or 'length', consequently it causes confusion, for instance, 'upper arm', 'lower arm' could be belong to length or girth items.
Criteria of parameters
In this study, provided virtual body dimensions and actual virtual body dimensions are compared. Provided virtual body dimensions means virtual body dimensions provided by each program and actual virtual body dimensions means remeasured virtual body dimensions by using RapidForm 2006. There are distinct differences and the results are shown in Table 4 .
In case of C, most virtual body dimensions went beyond the In case of D, most virtual body dimensions went beyond the max- Table 4 . Differences of provided virtual body dimensions and actual provided body dimensions (Unit: mm) have a lot of differences. Actual measurement of girth of neck is close to not virtual neck-base girth but virtual neck girth, and in that we cannot distinguish the bulge at the thyroid cartilage, a landmark when direct measurement, any part connecting neck and body is anticipated to be used. And in height items, the difference 3.5 cm of height items such as virtual height (3.5 cm) and virtual crotch height (3.5 cm) result from that heel height (3.5 cm) included the height items. Meanwhile, the cause of a difference in virtual arm length (-4.5 cm) is unseizable due to not having information each of virtual upper arm length and virtual lower arm length.
From this study, the girth and length items had more differences than height items, such items which have a big difference as virtual upper arm girth, virtual chest girth, virtual thigh girth, virtual midthigh girth, virtual shoulder length, virtual arm length. That is to say, different virtual landmarks were used in the same body dimensions.
In height items, the D that heel is landing on the horizontal plane was more correct than any other program, therefore using the heel of foot as the virtual landmark of height and specifying the height of heel of shoes separately prohibits users of throwing into confusions and makes better use of many kinds of shoes. shoulder length (2.6 cm) and virtual arm length (-2.5 cm) also have differences.
In case of I, 34 items of virtual body dimensions went beyond the maximum allowable error in 3D anthropometry except virtual height, virtual lower leg height, virtual waist girth and virtual wrist girth. In height items, virtual back neck-base height (-4.2 cm), virtual shoulder height (-4.1 cm), virtual bust height (-3.8 cm) in order have differences; this is because of small numbers of height items.
In girth items, virtual abdomen girth (8.9 cm) and virtual belly girth (7.0 cm), in length items, virtual shoulder length (8.3 cm) and virtual arm length (-6.9 cm) have great differences.
Therefore, based on the maximum allowable error in 3D anthropometry, D, C, I in order have a high quality of reproducibility for virtual body dimensions, and virtual body dimensions which make great differences need to be increased the number of the parameters or re-established transform algorithm between virtual body dimensions.
And each parametric body has its own distinct characteristics in changing to the 20s female standard virtual model. D, I had bigger differences in height and length items than girth items, this is because of changing parameter is mainly with girth items. But girth items which do not belong to changing parameter had also big difference, for example, virtual belly girth and virtual abdomen girth of I and D. For overweight people, virtual abdomen girth is more important to evaluating the fit of pants and skirts and therefore, precise changing algorithms for virtual abdomen girth should be needed when virtual waist girth is changed or virtual abdomen girth item deserve consideration as changing parameter if necessary. On the other hand, in case of C, virtual hip girth, virtual upper arm girth and virtual thigh girth had big differences even though they Fig. 3 . Size changed parametric bodies. belong to changing parameters. This is because of incorrect virtual landmarks, thus virtual landmarks of the same virtual body dimensions should be established and applied.
Height items' index value
In height items, it's hard to control virtual head length so that other height item's index value are compared to virtual back neckbase height based on virtual landing heel point on the horizontal plane (Table 6 ). Virtual abdomen height, virtual crotch height and virtual calf height have more than 0.03 differences, but most index value has small differences among programs. In particular, virtual waist height/virtual neck-base height have same index value (0.74).
This means, if the virtual neck-base heights of parametric bodies and virtual landing heel point, criteria of the height items are correct, other height items could be changed with the following index value. This will provide the convenience to the consumers who don't know their own height body dimensions as compared with girth body dimensions.
Virtual cross sections and virtual flattening ratio
Virtual cross sections of each program for primary regions are shown in Fig. 4 and virtual flattening ratio and width divided by thickness are shown in Fig. 5 .
Virtual cross sections of virtual bust, virtual underbust, virtual waist, virtual thigh and virtual mid-thigh are seen very round and those of virtual hip and virtual chest are seen very flat. The differences of virtual flattening ratio are found highly in virtual chest, virtual bust and virtual hip. Virtual bust is in low level section In case of the lower body, the virtual cross sectional areas is similar in virtual hip girth, virtual thigh girth and virtual mid-thigh girth, but in virtual hip height, C, D, S, I in order are higher and I, D, S, C in order are more projected. And connecting line from virtual back waist point to virtual crotch point is different and the virtual crotch height of other programs is lower than S with different shapes. In that the shape of virtual crotch and virtual hip is important region in evaluating the pant's fit, the shape must be in consideration, not to mention the virtual body dimensions.
Conclusions
In this study, body size changing tools provided by three domestic programs were investigated to evaluate the accuracy of virtual body dimensions and three parametric bodies were compared with 20s female standard virtual model to appraise the reproducibility.
The results of this study are summarized as follows.
First, the numbers and kinds of parameters provided by each program were different, there were errors in mark using 'width' despite of 'girth' and using bust girth and chest girth mixed. Thus, terminology unification for same virtual body dimensions is needed.
Second, differences of virtual body dimensions provided by each program were found and most of items went beyond the maximum allowable error in the 3D anthropometry. Especially, the girth and length items had more differences than height items, such as virtual upper arm girth, virtual thigh girth, and virtual arm length. And some program included height of heel to the height items. Therefore, ambiguous virtual landmarks need to be re-established.
Third, the result of changing to the 20s female standard body, D, C, I in order had better reproducibility, in particular, C and I had big differences. Virtual hip girth of C and virtual abdomen girth of I had over 7cm differences and in virtual crotch height of C and I had almost 5cm differences, even though these virtual body dimensions are important to evaluate the fit of pants. This is also because of wrong virtual landmarks and inaccurate size changing tool. On the other hand, that is encouraging that height items' index values compared to virtual back neck-base height had minimal differences. Because reproducibility of the virtual height items for relatively small numbers of size changing tool could be improved using height items' index values.
Fourth, virtual cross sections of virtual bust, virtual underbust, virtual waist, virtual thigh and virtual mid-thigh were seen very round and virtual hip and virtual chest were seen very flat. But taking a closer look, the differences of virtual flattening ratio were found highly in virtual chest, virtual bust and virtual hip. Especially, in case of virtual chest, I (1.82) and S (1.63) were flat, whereas D (1.36) and C (1.33) were round even though D was most similar to S for virtual body dimensions. Additionally, D is even not bilateral symmetry. Therefore, not only virtual body dimensions but also shape of the virtual body regions must be in consideration in making a parametric body and evaluating the fit of clothes.
Fifth, in case of I, with great differences of virtual cross sectional areas from virtual chest girth to virtual bust girth was unnatural, in Parametric body is developed and used for purpose on fitting online instead of using user's scanned body. Therefore, ease of use and accurate size changing is essential. But existing domestic parametric body used in a virtual garment program is lack of unification of terminology and accurate virtual landmarks, consequently different size changing results.
Therefore, at this point of widely used parametric bodies, unification of terminology and standardization of virtual landmarks and virtual body dimensions should be established. And for evaluating fit and design of clothes on-line, not only size and but also shape influence the results. That is to say, from a step of making a parametric body, accurate virtual landmarks should be mapped and elaborate size changing algorithm must be established and applied.
This study is dedicated to basic information for users who want to evaluate the fit of clothes using these three domestic virtual garment programs and for developers of a parametric body for customer convenience and a follow up study should be progressed.
